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CONCLUSIONS:  SRS is a safe, efficient, and potentially 
effective treatment for skullbase metastases with 
acceptable rates of local control. SRS leads to 
improvement in both pain and cranial nerve deficits and 
should therefore be integrated into the multidisciplinary 
palliation of this unique patient population.
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1  INTRODUCTION

Metastases to the base of skull from distant sites can 
be a particularly problematic manifestation of meta-
static disease, often resulting in craniofacial pain and 
evolving constellations of cranial nerve deficits [1]. 
Base of skull metastases can occur as the first presen-
tation of malignancy but more often occur later in the 
course of illness when systemic disease is already exten-
sive [2,3]. Treatment options consist of chemotherapy, 
surgery and radiation therapy including conventional 
radiotherapy as well as stereotactic radiosurgery (SRS). 
Surgical resection of base of skull tumors, when appro-
priate, can be complicated by involvement of neurovas-
cular structures which results in increased morbidity 
and mortality [4]. Radiotherapy has been shown to be 

OBJECTIVES:  Patients with skullbase metastases often 
present with evolving cranial nerve deficits, pain and 
advanced systemic disease. These factors along with 
declining performance status limit invasive interventions; 
yet, a safe, efficient treatment modality that augments 
palliative efforts is desirable. We herein report the role of 
stereotactic radiosurgery (SRS) in the management of 
base of skull metastases.

METHODS:  This retrospective institutional series 
reviewed 18 consecutive patients (12 male, 6 female) 
with of a total of 21 skullbase metastases. Seventy-five 
percent of patients presented with symptomatic disease 
most commonly consisting of pain, specific cranial 
nerve involvement included trigeminal (3), abducens (1), 
facial (2), and vestibulocochlear (3) nerves. The median 
prescribed dose was 18 Gy (range 15-40) with eleven of 
the treatments delivered as a single fraction consisting 
of 15-21 Gy and the most common fractionated regimen 
being 24 Gy delivered in 3 fractions. 

RESULTS:  Of the eighteen patients, 10 were transitioned 
to hospice care and succumbed to extensive metastatic 
disease prior to the first imaging evaluation. Clinical 
and imaging follow-up demonstrated local failure in 
3/8 of the remaining patients. In regards to palliation of 
symptoms, 5/6 of the patients with significant cranial 
nerve deficits reported improvement in symptoms within 
1 month. Additionally, 5/5 patients with pre-treatment 
pain reported improvement. 
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very effective in amelioration of cranial nerve deficits, 
particularly when given early after onset of symptoms 
[1,5]. Nonetheless, standard external beam therapy 
inevitably results in treatment of large volumes that 
may encompass cranial nerve pathways that are sensi-
tive to radiation [6,7]. Additionally, conventional treat-
ment is delivered in 10 to 14 fractions requiring daily 
facility visits of patients with poor performance status 
or prolonged hospitalization. SRS is an attractive treat-
ment modality in this setting given its ability to deliver 
higher doses of radiation in a more conformal manner 
with favorable dose fall-off that may spare surround-
ing vulnerable structures in one or a minimal number of 
treatments. Herein, we retrospectively assess the effi-
cacy and safety of linac-based SRS for treatment and 
palliation of cranial base metastases.

2  MATERIALS AND METHODS

2.1  Patient Population

We identified 18 patients with 21 base of skull 
metastases treated with SRS between January 2001 
and December 2011. Six patients (33%) were female 
and 12 patients (66%) were male. The median age was 
65 years (range: 35-78) presenting at a median of 43 
months (range: 4.2-188) following the primary diagno-
sis, which consisted of melanoma (4), kidney (4), lung 
(3), breast (4), prostate (2), and colon (1) cancers. The 
median Karnofsky performance status (KPS) at time of 
treatment was 70 (range: 50-90). The median total num-
ber of intracranial metastases per patient was 2 (range: 
1-5). While 75% of patients presented with sympto-
matic disease most commonly consisting of pain, spe-
cific cranial nerve involvement included trigeminal 
(3), abducens (1), facial (2), and vestibulocochlear (3) 
nerves. No patients had previously undergone whole 
brain radiation (WBRT) although one patient under-
went sequential WBRT + SRS.

2.2  Simulation and Planning

Each patient was comfortably positioned on the CT 
simulation table and a custom mask was fabricated. A 
thin-slice high resolution CT with intravenous contrast 
was then obtained while the patient was immobilized. 
The acquired images were then transferred to the treat-
ment planning workstation and fused with pre-treatment 
thin-slice (1.2 mm) contrast enhanced spoiled gradient 
recalled acquisition in steady state (SPGR) sequence 
MRI utilizing commercially available fusion software. 

The tumor volume and any nearby critical structures 
were manually delineated by a team including a radia-
tion oncologist, a medical physicist, and a neurosur-
geon. The planning target volume (PTV) was defined 
as the contrast-enhancing tumor on MRI with no mar-
gin. Dose-volume histograms were calculated for the 
target volume as well as nearby critical structures and 
were utilized to select the optimal treatment plan. An 
ideal SRS plan provided 95% of the prescription dose 
to the PTV while sparing surrounding organs at risk. If 
surrounding organs at risk were deemed to be at excess 
risk for toxicity, a plan with lower PTV coverage was 
accepted. Radiosurgery was performed using Cyber 
KnifeTM Robotic Radiosurgery System (Accuray, Inc, 
Sunnyvale, CA) for 17 patients and TrilogyTM Radio-
surgery System (Varian Medical Systems, Palo Alto, 
CA) for one patient.

2.3  Follow-up

Follow-up neurologic exam and MRI (or CT scan-
ning if ineligible for MRI) were performed at 2 months 
after SRS, every 2-3 months for the 1st year, and at 3 to 
6 monthly intervals thereafter. Imaging was performed 
to assess changes in tumor size, to identify the devel-
opment of any new tumors, and to evaluate the risk of 
peritumoral reactive swelling. A significant change in 
tumor size was defined as either an increase or decrease 
of 2 mm in the contrast-enhancing dimensions in any 
single plane of the tumor. Distant failure was defined 
as the development of new brain metastases outside the 
original SRS treatment volume. 

2.4  Statistics

Survival time was computed from the time of SRS. 
Survival curves and median survival were calculated 
using the Kaplan–Meier method [8]. Factors affecting 
survival from the time of brain metastasis diagnosis 
were determined using the Cox proportional hazards 
model [9]. All statistical tests were carried out using 
SPSS Version 15.0 (SPSS, Chicago, IL. Research was 
done under an approved University of Pittsburgh Insti-
tutional Review Board IRB.

3  RESULTS

A total of 21 tumors were treated in 18 patients. 
The median radiosurgery tumor volume was 2.9 cm3 
(range 0.3-71 cm3) with a median prescription dose of 
18 Gy (range: 15-40 Gy) delivered in 1- 5 fractions 
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to the 80% isodose line. Eleven tumors (52%) were 
treated in a single fraction, 7 in three fractions (33%), 
and 3 in five fractions (14%). Dose selection and 
fractionation was based on various factors including 
performance status, tumor volume, location, timing 
and total dose of prior radiation therapy. The median 
minimum tumor dose was 13.9 Gy (range: 6.3-23.5 
Gy) and the median tumor coverage was 95% (range: 
55-100%).

Of the 18 patients, 10 succumbed to extensive 
metastatic disease prior to the first imaging evalua-
tion. Clinical and imaging follow-up was available 
for the 8 remaining patients. Three patients had local 
failure 1.2, 2.5, and 5.4 months following treatment 
corresponding to a 6-month local control rate of 63% 
(Figure 1). No significant predictors for local control 
were found. 

At the time of this analysis, 15 of 18 patients had 
died; however, only one succumbed from progressive 
CNS disease. The median overall survival was 1.8 
months with a 6 month overall survival rate of 22% 
(Figure 2). On Cox regression analysis, RPA (p < 0.05) 
and KPS (p < 0.05) were found to be significant predic-
tors of improved survival. 

Of the 8 subjects with available imaging follow-up, 
6 subjects (75%) developed distant intracranial metas-
tases with a 6-month distant intracranial control rate 
of 16% and a median time to distant metastasis of 2.2 
months.

In regards to palliation of symptoms, 6 of the 
patients had significant cranial nerve deficits of which 
5 (83%) reported improvement in symptoms prior to 
the first clinical evaluation 1 month following treat-
ment. Additionally, all 5 patients with pre-treatment 
pain reported an improvement (100%). One patient 

reported an increase in paraesthesias and periorbi-
tal edema, which improved with a short-course of 
dexamethasone.

4  DISCUSSION

Metastases to the base of skull are a difficult problem 
to manage given their inaccessible location, association 
with cranial nerve deficits and even poorer prognosis 
when these symptoms occur [10-13]. In this report, we 
describe the use of SRS for management of base of skull 
metastases and demonstrate high rates of symptom and 
pain relief as well as a reasonable rate of local control. 
Furthermore, we have shown that this treatment can be 
delivered in a single or minimal number of treatments 
while being relatively safe, rarely resulting in adverse 
effects that are mild when they do occur.

The reports examining SRS for base of skull metas-
tases are limited (Table 2). Mori et al. [14] examined 
11 patients with cranial base metastases that were 
treated with stereotactic radiotherapy to 30-50 Gy in 
10-14 fractions. They found an overall control rate of 
100% with symptom improvement in 10/11 subjects 
and median survival time of 16 months. The authors 
argue that Linac-based SRS may provide an important 
advantage over Gamma Knife SRS by utilizing higher 
isodose resulting in lower maximum doses that may 
spare cranial nerve structures that are embedded in the 
treatment volume. 

Kano et al. [6] assessed the use of Gamma Knife 
for management of 37 patients with metastases or 

Figure 1.  Kaplan-Meier analysis of local control after 
SRS for base of skull metastases. The 6-month local 
control rate was 62.5%.

Figure 2.  Kaplan-Meier analysis of overall survival 
after SRS for base of skull metastases. The 6-month 
overall survival was 22% with a median overall survival 
of 1.8 months.
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direct invasion of adjacent malignancies to the cavern-
ous sinus with a median lesion size of 6.3 cm3. Using 
a median dose of 14 Gy delivered in a single fraction, 
they found the median survival to be 8.9 months with a 
78% rate of local control, symptomatic improvement in 
35% of subjects and no adverse effects. Based on these 
results, SRS was determined to be an effective treat-
ment for palliation of metastases and extensions to the 
cavernous sinus, particularly when treatment was given 
earlier after diagnosis. 

Multiple other studies have investigated the use 
of SRS for management of primary malignancies of 
the base of skull or extension of tumors from head 
and neck structures to the skull base using SRS with 
promising results [4,15,16]. These findings, however, 
are likely not directly applicable to the management 
of secondary metastases. Patients with base of skull 
metastases from distant sites often present later in the 
course of illness when there is more likely to be active 
systemic disease [1]. Furthermore, these patients may 
be presenting with metastasis from primary malignan-
cies of radioresistant histologies, as was the case in our 
series where 44% of patients presented with melanoma 
or renal cell carcinoma. As such, analysis of outcomes 
assessing SRS for primary malignancies of the skull 
base cannot extend to the management of metastases to 
the base of skull from distant sites where the burden of 
disease is higher and prognosis is expected to be signif-
icantly worse. Additionally, primary malignancies of 
the skull base more frequently result in cranial nerve 
deficits that are not as responsive to radiation therapy 
whereas neurological function can often be restored or 
improved when they are due to metastases from distant 
organs [17].

In the present study, we found the median overall 
survival to be 1.8 months with lower RPA and lower 
KPS predicting shorter survival. This is the first study 
to find characteristics that may predict outcomes in 
patients with base of skull metastases from distant 
sites treated with SRS. Other studies assessing SRS for 
cavernous sinus metastases and invasions have demon-
strated that advanced age [18] and the presence of sys-
temic metastases are associated with worse outcomes 
[18,19]. While the identification of such predictors is 
critical for the evaluation and stratification of potential 
candidates for SRS, the main focus is to improve symp-
toms in a safe, efficient manner as part of a coordinated 
palliative care effort. 

Most importantly, our data demonstrate that in 
patients with available follow-up data, the rate of cra-
nial nerve symptom improvement was 83% and the 

Table 1.  Characteristics of patients receiving SRS for 
base of skull metastases

Characteristic Value

Patients (F/M), n 18 (6/12)

Lesions, n 21

Median age (range), y 65 (35-78)

Primary Malignancy, n (%)

  Melanoma 4 (22%)

  Renal 4 (22%)

  Breast 4 (22%)

  Lung 3 (17%)

  Prostate 2 (11%)

  Colon 1 (6%)

Cranial nerve deficits, n (%)

  Trigeminal 3 (17%)

  Abducens 1 (6%)

  Facial 2 (11%)

  Vestibulocochlear 3 (17%)

Median KPS score (range)
RPA class, n (%)

70 (50-90)

  I 1 (6%)

  II 15 (83%)

  III 2 (11%)

Number of intracranial 
metastases at time of SRS, n (%)

  1 8 (44%)

  2 to 4 7 (39%)

  >4 1 (6%)

Median interval between primary 
diagnosis and SRS (range), mo 43 (4-189)

Median tumor volume (cc), range 2.9 (0.3-71)

Median SRS dose (range), Gy 18 (15-40)

Treatment Schemes (Gy/
Fractions), n (%)

  15-18 / 1 11 (52%)

  18-24 / 3 7 (33%)

  20-40 / 5 3 (14%)

Treatment Modality, n (%)

  Cyberknife 17 (94%)

  Trilogy 1 (6%)
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rate of pain improvement was 100%. Mori et al. [14] 
similarly found a 91% rate of symptomatic improve-
ment. As skullbase metastases often present with pro-
found and evolving cranial nerve deficits and pain, 
these high rates of improvement are encouraging 
and suggest that while overall survival is poor in this 
cohort, SRS may be a valuable treatment option in the 
palliative setting. Furthermore, only one patient expe-
rienced a low-grade adverse effect related to radiation 
treatment that resolved with a short course of steroids. 
Other studies have similarly found complication rates 
ranging from 0-8% after the use of SRS for base of 
skull or cavernous sinus metastases and extensions 
[14,18,19,20].

In contradistinction to Mori et al. [14] who deliv-
ered treatment in ≥10 fractions, our patients were 
managed with 1-5 fractions and attained similar rates 
of symptomatic improvement and adverse effects. 
This may be partially related to the fact that their 
treatment volumes were significantly larger than ours 
(median tumor volume 61.6 cc vs. 2.9 cc). Given the 
low rate of adverse neurological effects, our results 
suggest that neurovascular structures contained in 
base of skull metastases may be adequately resilient 
and may not require dosing schemes of greater than 
5 fractions. However, given the poor survival of the 
patients in this cohort, it is possible that developing 
adverse effects involving cranial nerves did not have 
sufficient time to manifest. The ability to achieve 
comparable rates of local control and pain relief with 
fewer fractions is critical for a patient population that 
is often hospitalized with evolving local symptoms as 
well as advanced disease and poor performance status 
that may not be able to tolerate 10+ daily treatment 
visits or unnecessarily prolonged hospitalizations. We 
recognize that the survival of such patients is expected 
to be short and many will be transitioned to hospice 
care following treatment. Nevertheless, given the 
presence of debilitating pain or neurological defects in 
this cohort, we believe that such patients may benefit 
from palliative radiotherapy despite short life expec-
tancy. Specifically, we believe that palliative stereo-
tactic radiotherapy may be an appropriate approach in 
this setting given the fewer number of fractions and 
shorter treatment time. Patients with severe pain and 
neurological deficits are likely to benefit most from 
this treatment. 

Limitations of the current study include its retrospec-
tive nature that necessitates inherent biases. Despite 
being the largest linac-based series in the literature 
looking exclusively at SRS for base of skull metastases, 
our sample numbers are limited which may have hin-
dered the identification of some prognostic predictors 
and accurate analysis of outcomes. Furthermore, our 

patient population is fairly heterogeneous with multi-
ple primary histologies and treatment regimens repre-
sented which may further limit the applicability of our 
findings.

SRS is a safe and potentially effective treatment 
for skull base metastases with acceptable rates of local 
control. While this patient population exhibits limited 
survival secondary to extensive systemic disease, the 
vast majority of patients are symptomatic at presenta-
tion. KPS and RPA measurements may be valuable for 
predicting outcomes following treatment. Most impor-
tantly, SRS leads to improvement in both pain and cra-
nial nerve deficits and should therefore be integrated 
into the multidisciplinary palliation of this unique 
patient population.

REFERENCES

1.	 Laigle-Donadey F, Taillibert S, Martin-Duverneuil N, 
Hildebrand J, Delattre JY. Skull-base metastases. J Neurooncol. 
2005; 75: 63–69.

2.	 Greenberg HS, Deck MD, Vikram B, Chu FC, Posner JB. 
Metastasis to the base of the skull: clinical findings in 43 
patients. Neurology. 1981; 31: 530–537.

3.	 Long MA, Husband JE. Features of unusual metastases from 
prostate cancer. Br J Radiol. 1999; 72: 933–941.

4.	 Miller RC, Foote RL, Coffey RJ, Gorman DA, Earle JD, 
Schomberg PJ, Kline RW. The role of stereotactic radiosurgery 
in the treatment of malignant skull base tumors. Int J Radiat 
Oncol Biol Phys. 1997; 39: 977–981.

5.	 Vikram B, Chu FC. Radiation therapy for metastases to the base 
of the skull. Radiology. 1979; 130:465–468.

6.	 Kano H, Kondziolka D, Khan A, Flickinger JC, Lunsford LD. 
Predictors of hearing preservation after stereotactic radiosurgery 
for acoustic neuroma. J Neurosurg. 2009; 111: 863–873. 

7.	 Kenai H, Yamashita M, Nakamura T, Asano T, Sainoh M, 
Nagatomi H. Tolerance dose in gamma knife surgery of lesions 
extending to the anterior visual pathway. J Neurosurg. 2005; 
102 Suppl: 230–233.

8.	 Kaplan EL, Meier P. Nonparametric estimation from incomplete 
observations. J Am Stat Assoc. 1958; 53: 457–481.

9.	 Cox DR. Regression models and life tables. J R Stat . 1972; 
74: 187–220.

10.	 Hall SM, Buzdar AU, Blumenschein GR. Cranial nerve palsies 
in metastatic breast cancer due to osseous metastasis without 
intracranial involvement. Cancer. 1983; 52: 180–184.

11.	 Ransom DT, Dinapoli RP, Richardson RL. Cranial nerve 
lesions due to base of the skull metastases in prostate carcinoma. 
Cancer 1990; 65: 586–589.

12.	 Seymore CH, Peeples WJ. Cranial nerve involvement with 
carcinoma of prostate. Urology. 1988; 31: 211–213.

RSBRT 192 .indd   222 5/29/2013   11:36:37 PM



Radiosurgery for skullbase metastases

Journal of Radiosurgery and SBRT   Vol. 2   2013        223

13.	 Svare A, Fossa SD, Heier MS. Cranial nerve dysfunction in 
metastatic cancer of the prostate. Br J Urol. 1988; 61: 441–444.

14.	 Mori Y, Hashizume C, Kobayashi T, Shibamoto Y, Kosaki 
K, Nagai A. Stereotactic radiotherapy using Novalis for skull 
base metastases developing with cranial nerve symptoms. J 
Neurooncol. 2010; 98: 213–219.

15.	 Cmelak AJ, Cox RS, Adler JR, Fee WE, Jr., Goffinet DR. 
Radiosurgery for skull base malignancies and nasopharyngeal 
carcinoma. Int J Radiat Oncol Biol Phys. 1997; 37: 997–1003.

16.	 Coppa ND, Raper DM, Zhang Y, Collins BT, Harter KW, 
Gagnon GJ, Collins SP, Jean WC. Treatment of malignant 
tumors of the skull base with multi-session radiosurgery. J 
Hematol Oncol. 2009; 2: 16.

17.	 Mori Y. Skull-Base Malignant Tumors. In: Shaped beam 
radiosurgery. Springer: New York, pp 181–191; 2011.

18.	 Kano H, Niranjan A, Kondziolka D, Flickinger JC, Lunsford 
LD. The role of palliative radiosurgery when cancer invades 
the cavernous sinus. Int J Radiat Oncol Biol Phys. 2009; 73: 
709–715. 

19.	 Iwai Y, Yamanaka K, Yoshimura M. Gamma knife radiosurgery 
for cavernous sinus metastases and invasion. Surg Neurol. 
2005; 64: 406–410. 

20.	 Mori Y, Kobayashi T, Shibamoto Y. Stereotactic radiosurgery 
for metastatic tumors in the pituitary gland and the cavernous 
sinus. J Neurosurg. 2006; 105 Suppl: 37–42. 

RSBRT 192 .indd   223 5/29/2013   11:36:37 PM




